Tennis is the most popular racquet sport in the world with over 75 million participants, 15,000 of whom are certified teaching professionals registered with the world's largest tennis-teaching organization, the United States Professional Tennis Association (USPTA). 23, 28 In 2003, more than 36,000 people were treated in an emergency department for racquet and volley sport injuries, resulting in a total health care cost of $1.79 billion according to the US Consumer Product Safety Commission. 19 Tennis-teaching professionals are at risk of various occupational injuries related to teaching the sport. 2, 15, 21 However, despite these studies indicating that tennis-teaching professionals are at risk of injury, there have been no studies published on the incidence or prevalence of injuries in the tennis-teaching professional community.
In recreational and competitive tennis players, musculoskeletal injuries are the most frequent reason to obtain medical advice and lose time off the court. 6 A systematic review of 119 studies related to tennis injuries since 1966 noted a large variability in the data and suggested that lower extremity injuries occurred with the highest incidence. 24 Lower extremity injuries have been reported to occur twice as often as upper extremity injuries, accounting for 39% to 59% of all injuries. 3, 10, 11, 13 Another study noted that 91% of 376 tournament players had sustained a lower extremity injury at some point in their career. 8 Furthermore, a prospective cohort study noted an incidence of lower extremity stress fractures of 13% in 139 elite, junior, and professional players. 17 In contrast to the distribution of the incidence of musculoskeletal injuries, it appears that the prevalence of gradual-onset musculoskeletal conditions secondary to playing tennis is higher for upper extremity injuries. 24 A prospective study and 2 cross-sectional studies on elite tennis players reported that shoulder injuries were most *Address correspondence to Ricardo E. Colberg However, another prospective study at the USTA Boys National Championship reported that the incidence of back and thigh injuries was greatest. 11 These contrasts display the immense variability in the incidence and prevalence of injuries at each body region reported in the existing literature.
To address this variability in study findings resulting from methodological inconsistencies within the tennis epidemiology literature, the International Tennis Federation (ITF) coordinated a meeting of international experts with vast experience managing tennis injuries with the goal of reducing the variability in epidemiological studies on tennis injuries. This variability was determined to be a result of significant differences in the studies' definitions of injuries, methodologies for collecting and analyzing data, and their sample populations. These experts published a consensus statement in which they proposed a list of medical conditions that needed to be monitored in all tennis-playing populations, criteria for categorizing the severity of each condition, and the methods in which the data should be analyzed and reported. The proposal intended to create consistency among future studies so that the data could be compared and subsequently utilized by other researchers and clinicians. 22 The consensus statement has only been citied twice in literature reviews and twice in retrospective studies. 1, 7, 9, 24 Since publication 4 years ago, there has been only 1 epidemiologic study that has followed the ITF guidelines, a study conducted on collegiate tennis players. 5 Even though numerous studies exist on the nature of injuries sustained by junior, collegiate, and elite tennis players, no study could be found regarding the incidence or prevalence of their injuries secondary to occupational exposure by tennis-teaching professionals. Despite being at the forefront of the education of future elite tennis players, these tennis-teaching professionals have been overlooked thus far by the epidemiologic and scientific community in terms of defining their true injury rates and risks. This risk may in fact be higher for overuse injuries than in junior and elite players since tennis-teaching professionals have greater exposure time, at times spending 8 hours a day teaching tennis. Therefore, the objective of this study was to investigate the prevalence of musculoskeletal conditions in tennis-teaching professionals based on the ITF guidelines outlined in the consensus statement and to determine the relationship between occupational activities of tennis-teaching professionals and injury risk.
METHODS
This was a cross-sectional survey of the prevalence of musculoskeletal conditions in the tennis-teaching professional population at the time of the survey. The entire USPTA-United States membership was invited to participate in the study. Approximately 13,500 of those 15,000 members hold membership in the United States. Study approval was obtained from the USPTA and the Institutional Review Board of St Vincent's Health System.
All active members of the USPTA currently registered in their email list were contacted and provided a consent form explaining the risks and benefits of the study. Male and female tennis-teaching professionals aged 21 years and older who were currently registered with the USPTA were included in the study. This age was used as the cutoff because it is the highest age of majority for all of the 50 states in the United States. Once the tennis-teaching professional agreed to participate, a surveillance questionnaire was provided to capture data on the type and nature of each injury, defined by the guidelines set forth in the ITF consensus statement as ''any physical or psychological complaint or manifestation sustained by a player that results from a tennis match or tennis training, irrespective of the need for medical attention or time loss from tennis activities.'' 22 The primary outcome measurements were the prevalence of current injuries and the prevalence of individual body parts injured. Other variables included demographic and anthropometric information, playing hand, USPTA certification level, 29 forehand and backhand stroke type, typical teaching workload, and specific type of injury. Furthermore, respondents were queried about their most severe current injury and asked to describe the location and type of injury, the laterality of the injury location, the cause of the injury and its severity as measured by a visual analog scale-the Nirschl Pain Phase Scale of Athletic Overuse Injuries 18, 20 and the amount of time lost from teaching due to the injury.
Data were analyzed using JMP 10 (SAS Institute Inc). An a priori sample size analysis determined that results would be generalizable to the total population of USPTA members in the United States (N ¼ 13,500) with 95% confidence with a ±5% CI if 374 subjects completed the survey. Descriptive statistics were prepared for all variables (mean, standard deviation, count, and proportion). All variables were compared between males and females using Student t tests, analyses of variance, Fisher exact tests, or chi-square tests as appropriate at a significance level of P ¼ .05. Odds of dominant side injury were compared using nominal logistic regression and odds ratios, and their 95% CIs were calculated. Prevalence of injury according to body location was compared using prevalence ratios (PRs) and 95% CIs.
RESULTS
The current study included 1176 teaching professionals (8.7%) of all 13,500 tennis-teaching professionals registered with the USPTA in the United States. This sample size allows for results to be generalized to all active USPTA members with a ±2.7% CI. The respondents were, on average, male, middle-aged, right-handed, and slightly overweight (Table 1) . Males had a significantly greater body mass index (BMI) than females (P < .001). The majority of USPTA members held the elite professional (P1) certification (52%), and males were more likely to hold a higher certification than females (P < .001).
The majority of respondents had taught tennis the same day they completed the study survey (55%), and males were more likely to have last taught tennis more recently (P ¼ .006). Most teaching professionals (54%) reported teaching 5 to 7 days in a typical week and for longer than 2 hours per day (72%). Male respondents reported teaching more days in a typical week than females (P ¼ .040). Tennis-teaching professionals who were more active in a typical week also reported spending more time teaching per day (P < .001) (Figure 1) . Additionally, respondents certified as elite professionals were more likely to teach more often in a typical week (P < .001) and for longer during a typical teaching day (P < .001) ( Table 2) .
A total of 1517 current injuries were reported by 497 tennis-teaching professionals at the time of survey (3.1 injuries per injured subject), yielding an injury prevalence of 42% (Table 3) . Overall, injuries to the lower extremities were the most prevalent (31%). Both upper extremity injuries (PR, 1.9; 95% CI, 1.6-2.2) and lower extremity injuries (PR, 2.3; 95% CI, 2.0-2.6) were significantly more prevalent than trunk injuries. Additionally, lower extremity injuries were 1.2 times more prevalent than upper extremity injuries (95% CI, 1.1-1.3). The most commonly injured location per individual body part was the shoulder (17% of all injuries) (Table 4) . Specifically looking at anatomical structures injured in each body part, the most commonly injured structures were knee ligaments (9% of all injuries), shoulder muscles (6%), elbow tendons (4%), and shoulder joints (4%). Participants were also asked to describe in detail their most severe currently ongoing injury ( Table 5 ). The majority reported their most severe injury or musculoskeletal condition in the lower extremities (53%), with 36% to joints The
or ligaments and 36% to muscles or tendons. Overall, most injuries were attributed to either overuse or teaching too much (49%) or a sudden movement or change of direction (22%). The severity of this injury was classified on average at a Nirschl phase 3 (16%), phase 4 (23%), or phase 5 (23%) ( Table 6 ).
Teaching professionals were also asked to describe the severity of this injury in terms of how much it affected their ability to teach using a visual analog scale from 0 to 10 (0 ¼ not affected, still able to teach at 100%; 10 ¼ completely unable to teach). The mean severity of injury was selfdescribed as a 3.5 ± 3.0. Severity of injury was significantly different according to the affected structure, with the Tukey honestly significant difference test showing bone injuries to be significantly more severe than injuries to muscles or tendons (P ¼ .042). Most injuries resulted in fewer than 24 hours of teaching time lost, but the amount of time lost from teaching depended on the type of injury. The majority of injuries occurred to a teaching professional's playing hand (dominant) side (68%). Upper extremity injuries were 17.2 times more likely to occur to the dominant side than lower extremity injuries (P < .001; 95% CI, 8.1-42.3) ( Table 7) .
DISCUSSION
The purpose of the current study was to document the prevalence of musculoskeletal injuries and conditions among tennis-teaching professionals. This study accomplished that purpose, and furthermore serves as the first instance of an epidemiologic study on occupational injuries in tennis-teaching professionals using the guidelines proposed by the ITF consensus statement. 22 The existing literature reports a prevalence ranging from 21.5% to 52.9%. 11, 12 The current study found that the crosssectional prevalence of tennis-teaching professionals in the United States was 42%. Furthermore, the prevalence of upper extremity, lower extremity, and trunk injuries was found to be 25%, 31%, and 14%, respectively, among the 1176 survey respondents. Since many athletes reported multiple injuries, when all injuries were examined, upper extremity injuries were found to comprise 37%, lower extremity injuries 43%, and trunk injuries 19% of the 1517 injuries reported in this study. A comparison of this distribution by injury location to the results of a number of existing studies k can be found in Table 8 . It is important, however, to interpret this comparison within the context of understanding that there may be significant differences in the age of participants in this study compared with previously conducted work. Injuries to the lower extremities remained the most common, followed by upper extremity and trunk injuries, a pattern that is consistent with previously published work; however, the current study population experienced a more even distribution of injuries across the body compared with the existing literature. In the current study, lower extremity injuries were 1.2 times more frequent than upper extremity injuries (95% CI, 1.1-1.3) , while in the pooled existing literature, lower extremity injuries were 2.1 times more frequent (95% CI, 2.0-2.2). The relative decrease in the prevalence of lower extremity injuries among tennis-teaching professionals may be due to the more stationary activities involved with coaching compared with playing. However, a greater proportion of tennisteaching professionals in the current study were shown to sustain upper extremity or trunk injuries compared with tennis players, which can possibly be explained by high volumes of repetitive hitting during instruction periods with athletes.
In terms of the types and subtypes of tissue, muscles and tendons were the most commonly injured structures. A similar prospective study that followed competitive athletes for 6 months reported muscle cramps and tendon strains as the 2 most common musculoskeletal conditions reported. 15 Muscle cramps were also reported to be the most common injury reported in junior players and in club players in 2 other prospective studies. 26, 31 In a retrospective cohort study, ankle sprains were the most commonly reported diagnosis, followed by calf and quadriceps strains. 25 In this particular study, patients' information was obtained from medical records of visits to a physician or physiotherapist, which may skew the results toward more severe injuries and leave out milder muscle and tendon injuries that were managed by athletic trainers with good outcomes and did not require additional evaluation.
The majority of participants had taught within the past week before completing the survey, most of whom taught 5 or more days of lessons per week, indicating a study population active in teaching tennis even if currently injured. The vast majority spent more than 2 hours per day teaching tennis. Furthermore, those respondents who reported teaching more often per week were significantly more likely to teach for a longer duration per day. These findings suggest that most participants are probably working as tennis-teaching professionals as a full-time career, and as such, any significant injury could present a significant hindrance to their capacity to fulfill their work requirements. Fortunately, two-thirds of the tennis-teaching professionals in this study were not significantly affected by their injuries to such a degree that their activities of daily living were limited. It appears that overuse injuries due to inadequate rest may be the biggest contributing factor to injury in this population. This finding was consistent with similar findings in an epidemiologic study on musculoskeletal injuries in collegiate tennis athletes. 5 The majority of the coaches reported teaching almost every day for greater than 2 hours per day. This presents an occupational risk directly linked to the nature of their profession. The American Medical Society for Sports Medicine recently published a statement on overuse injuries, stating that inadequate rest in athletes was common and led to overuse injuries. 7 Limiting court time would seem to be the simple solution to this problem; however, it is complicated as it is evident that many of these tennis-teaching professionals rely on court time to provide their income. Limiting the amount of teaching past the point of fatigue is a more reasonable option that each coach could tailor to his or her individual physical condition.
This study was subject to numerous limitations. As with all cross-sectional epidemiologic studies, this study could have suffered from selection bias. Despite the fact that a : phase 0 ¼ no pain with activity. Phase 1 ¼ stiffness or mild soreness after activity; pain usually gone within 24 hours. Phase 2 ¼ stiffness or mild soreness before activity that is relieved by warm-up; symptoms not present during activity but return afterward, lasting up to 48 hours. Phase 3 ¼ stiffness or mild soreness before specific sport or occupational activity; pain partially relieved by warm-up and is minimally present during activity but does not cause the athlete to alter activity. Phase 4 ¼ similar to phase 3 pain but more intense, causing the athlete to alter performance of the activity; mild pain occurs with activities of daily living but does not cause a major change in them. Phase 5 ¼ significant (moderate or greater) pain before, during, and after activity, causing alteration of activity; pain occurs with activities of daily living but does not cause a major change in them. Phase 6 ¼ phase 5 pain that persists even with complete rest; pain disrupts simple activities of daily living and prohibits doing household chores. Phase 7 ¼ phase 6 pain that also disrupts sleep consistently; pain is aching in nature and intensifies with activity. significant portion of members voluntarily completed the survey, our study population could have been biased toward a more injured population, as a noninjured teaching professional would not be motivated to complete a study on current injuries. Another limitation in this study is the selfreport of injury by the study participants. It is unknown whether the reported diagnosis was confirmed by a health care professional, which could potentially lead to mislabeled diagnoses. Furthermore, there was not a clearly defined classification of an injury (in accordance with the USPTA consensus statement), which could have led some participants to over-or underreport the presence of injury.
CONCLUSION
This study provides the USPTA, its members, and health care professionals with baseline data on demographics of tennis-teaching professionals and the prevalence of musculoskeletal conditions that could affect those involved in this occupation. In accordance with the guidelines set forth by the ITF in its 2009 consensus statement, 22 the prevalence of musculoskeletal injuries among tennis-teaching professionals was 42%, most of which occurred to the lower extremities and soft tissues. The majority of tennisteaching professionals were active in teaching at least 5 days per week and at least 2 hours per day, and the most commonly cited cause of injury was overuse. Most injuries were mild and resulted in fewer than 24 hours of teaching time lost.
